The haematological effects of Brown Snake (Pseudonaja) species (texti!is, ajfinis, nuchalis) were studied in anaesthetised, mechanically ventilated dogs. Marked thrombocytopenia, depletion of serum fibrinogen and prolonged prothrombin and activated partial thromboplastin time, were recorded at 5 to 10 and 30 to 40 minutes after intravenous envenomation. Fibrin degradation products were not elevated. Because these haematological effects occurred simultaneously with cardiovascular depression (previously reported), we postulate that hypotension sometimes observed in human envenomation may be due to intravascular coagulation with myocardial ischaemia.
Spontaneous haemorrhage and bruising may occur after envenomation by species of the Brown Snake genus (Pseudonaja). In such instances, disturbances in laboratory tests of coagulation are usually present. The coagulation process has been regarded either as disseminated intravascular coagulation or as a defibrination syndrome. I Thrombocytopenia however, has only been recently recognised as a consequence ofPseudonaja envenomation in humans, although this has not been a constant observation. 2 In early experiments with laboratory animals, 3 rats and mice were killed by intravenous injection of venom. In these, thrombus was found in the major blood vessels and heart chambers. In rabbits, 'whipped out fibrin' was found in the right heart. Hypotension with or without loss of consciousness has been reported after envenomation in humans. 4 . 6 We previously reported the haemodynamic effects of Pseudonaja venom in the dog 7 which were severe hypotension, reduction in cardiac output and rise in peripheral vascular resistance. Central venous pressure was raised but not significantly. The electrocardiograph revealed changes consistent with myocardial ischaemia. In this communication, we report the haematological and post mortem results in these same dogs. We postulate that the haemodynamic effects and the haematological effects of venom may be linked.
METHODS
The haematological effects of whole venom were observed in nine mongrel dogs in which haemodynamic changes were simultaneously monitored. The study was approved by the hospital ethics committee. Venom, obtained by 'milking' specimens of Pseudonaja textilis, Pseudonaja affinis and Pseudonaja nuchalis, was provided by the Australian Reptiles Park, Gosford, N.S.W. To preserve toxicity after collection, the venom was dessicated and subsequently dissolved in 0.1 % bovine serum albumin in 0.85% saline 8 and stored at -70°C. Immediately before use, the venom was thawed at 37"C. Induction of anaesthesia was performed with intravenous thiopentone (8-10 mg/kg) and maintained with a mixture of halothane, oxygen and air delivered by endotracheal tube and a volume cycled mechanical ventilator (CF Palmer, London). Blood samples were withdrawn from a catheter located in the right atrium via a femoral vein.
After induction of anaesthesia, blood samples were withdrawn for blood film examination and for tests of coagulation. Additional blood samples were withdrawn at 5 to 10 minutes and at 30 to 40 minutes after administration of venom. Platelet counts were determined in blood films using an automated particle counter (Coulter S plus, Coulter Electronics Ltd, Hialeah, Florida, U.S.A.). Serum fibrinogen levels, prothrombin times and activated partial thromboplastin times were determined with a semi-automated machine (Cobas Fibro, Hoffmann -La Roche and Co, Basle, Switzerland). Fibrin and/or fibrinogen degradation products were assayed by the Thrombo-Wellco test (Wellcome Diagnostics, Temple Hill, Dartford, England). Cross-linked fibrin degradation products were measured by the Dimertest (Agen Biomedical Ltd, Acacia Ridge, Queensland, Australia).
Venom from Pseudonaja textilis was administered intravenously to one dog each at doses of 0.5, 2.5 or 5.0 Ilglkg over periods of two minutes. Six other dogs received venom at 10 Ilglkg over similar periods: four of these received venom from Pseudonaja textilis, one received venom from Pseudonaja affinis and one received venom from Pseudonaja nuchalis. The dogs were sacrificed approximately 45 to 60 minutes after envenomation. Several were subjected to post mortem examinations.
RESULTS
Reduction in platelet counts and disturbances in coagulation tests were observed in all blood samples withdrawn after intravenous envenomation. Thrombocytopenia was evident 5 to 10 minutes after envenomation and again on sampling at 30 to 40 minutes after envenomation, irrespective of the dose of venom. No changes were noted in white cell counts or haemoglobin levels. The mean maximum reduction in platelet count compared with the pre-envenomation count was 78% ± 15% (mean ± SD). Prothrombin time and activated partial thromboplastin time tests were prolonged well beyond pre-envenomation times in all blood samples withdrawn after envenomation. In all but two dogs, the prothrombin times and activated partial thromboplastin times could not be defined. In these dogs, the prothrombin times exceeded 2 minutes, some 5 minutes (normal 5 to 8 seconds) while the activated partial thromboplastin times exceeded 3 minutes, some 5 minutes (normal 11 to 17 seconds). The dogs which received the smallest dose of Pseudonaja textilis venom (2.5 Ilglkg) and the dog which received Pseudonaja nuchalis venom recorded prolonged but definable prothrombin times and actived partial thromboplastin times. Fibrinogen levels were reduced or undetectable at both postenvenomation sampling times in the six dogs in which this test was performed. The level of fibrin degradation products recorded at both sampling times remained either within laboratory normal limits (seven dogs) or were mildly elevated (one dog) in the eight dogs in which they were assayed. The haematological test results for each dog are presented in Table I .
Post mortem examinations confined to the thoracic and peritoneal cavities did not reveal any large free collection of blood. Small haemorrhages were present however, over the surfaces of the lungs, spleen and kidneys. Histological examination of the lungs revealed congestion but there was no evidence of intravascular thrombus in the lung or other organs which could not be differentiated from post mortem clot. Histological examination of the heart did not reveal changes which would be consistent with ischaemia or infarction, although there was little time for such changes, if any, to become established before the dogs were sacrificed.
DISCUSSION
Severe disturbances of blood coagulation have long been recognised as a consequence of envenomation by species of the Brown Snake genus. Early clinical case reports by Foxton in 1914, 9 Fairley in 1929 10 and by Kellaway in 1938 11 feature spontaneous haemorrhages from mucosal surfaces and within solid organs. Experimental laboratory studies and clinical case reports have elucidated the nature of the coagulation disturbance. Kellaway observed the effects of venom from the Common Brown Snake in the horse, monkey, cat, rabbit, guinea pig, rat and mouse in 1931.12 Intravenous injection of venom resulted in extensive haemorrhage in most species and it was concluded that this was subsequent to disseminated intravascular coagulation initiated by a 'very potent thrombin'. Coagulation times were prolonged and the blood was always fluid-like at post mortem of all species. Rabbits also had 'whipped out fibrin' present in the right heart. Some species (rats, mice) died rapidly within minutes of injection and in these, thrombi were invariably found in the heart, lungs and large blood vessels. Haemorrhage however, was not a prominent feature in monkeys and this was subsequently confirmed by Sutherland et al. in 1981.13 Signs of neurotoxicity but none of haemolysis were observed in all species. Subsequent in vitro studies elucidated further the disorder of coagulation. The venom of two species of Pseudo naja, affinis and nuchalis, were shown by Davey in 1969 14 to contain potent activators of human prothrombin. In 1982, Denson l5 showed that the prothrombin activator in the venom of Demansia (Pseudonaja) textilis was 'complete' because it was able to clot plasma deficient in Factor V in the same time as normal plasma. Chester and Crawford 1 6 also demonstrated in 1982 that co-factors were not required by the venom of Pseudonaja textilis to activate both normal prothrombin and decarboxyprothrombin. Moreover, they demonstrated that the procoagulant property of Pseudonaja textilis (and most other Australian snakes) was limited to prothrombin activation. The prothrombin activator in Pseudonaja textilis venom has been purified by Masci, Whittaker and de Jersey using chromatography and gel filtration.17 Thrombinlike activity was not detected in any of many Australian snake venoms tested in vitro by Marshall and Herrmann in 1983. 18 The first well monitored and documented human envenomation case was described by Shapel et al. in 1971 19 in which a snake handler was envenomated by a Common Brown Snake (Pseudonaja textilis). Within three hours of envenomation, extensive submucosal and subcutaneous bruising was apparent, accompanied by spontaneous haematemesis and persistent bleeding from needle puncture wounds of the skin. In this case, the haematological observations, before specific treatment was given, included incoagulable blood with a very prolonged prothrombin time (> 20 minutes) and Duke's bleeding time. No fibrinogen could be detected in the blood. Platelets could not be identified in a blood film. There was, however, evidence of haemolysis. Subsequent treatment included 20,000 units of Brown Snake antivenom. The coagulation tests and platelet count returned to normal by the twelfth day after envenomation. Three clinical case reports of Demansia affinis (dugite) envenomation by Herrmann et al., had similar coagulation disturbances;2o incoagulable blood (Lee-White coagulation time test), absent or very low fibrinogen levels, prolonged prothrombin times, reduction of factors 11, V and VIII, and the presence of fibrin degradation products.
The present study confirms the previously reported effects of whole venom on the haemostatic mechanisms; the laboratory prothrombin times and activated partial thromboplastin times are markedly prolonged and serum fibrinogen is depleted. In this study however, the fibrin degradation products were not raised up to forty minutes after envenomation. This observation is consistent with in vitro studies and some clinical case studies. Marshall and Herrmann l8 demonstrated that fibrinolysis initiated by the venom of many Australian elapids (including those of the Pseudonaja genus) is relatively weak and delayed in comparison to the activity of the crotalid snakes. Moreover, the fibrinolytic activity was only demonstrable at twenty-four hours after envenomation. Evidence of fibrinolysis was not sought in the severe case of Pseudonaja textilis envenomation reported by Schapel et al., 19 although gross haemorrhage and other laboratory evidence of haemostatic perturbation were demonstrated. In the three cases of Pseudonaja affinis envenomation reported by Herrmann et al.,20 non-quantified evidence of fibrinonlysis was present two to eighteen hours after envenomation.
The effect of venom from Pseudonaja species on platelet function has neither been well documented nor recognised as a clinical problem until quite recently. Severe thrombocytopenia after human Pseudonaja textilis envenomation was first reported in 1971. 19 In this case report, the platelet count within several hours of envenomation was nil. Two other case reports of Pseudonaja textilis envenomation also featured thrombocytopenia,4.21 as does also a case of Pseudonaja nuchalis envenomation. 22 Two of these three case reports also featured acute renal failure. In ten cases of envenomation by Brown Snakes (species unknown), moderate delayed thrombocytopenia was observed in three cases; severe, immediate thrombocytopenia in one. 2 All four of these cases had either haematuria or acute renal failure. Two of a series of three case reports of envenomation by Pseudonaja affinis did not feature thrombocytopenia. 20 In contrast, two other cases of Pseudonaja affinis envenomation did have marginally low platelet counts.23 It appears that thrombocytopenia may not be a usual initial feature of Pseudonaja envenomation, but it may occasionally occur rapidly or may develop within twenty-four hours of envenomation in spite of administration of antivenom and may be associated with acute renal failure. The aetiology of thrombocytopenia is obscure, although previously assumed to be an accompaniment of disseminated intravascular coagulation. However, studies carried out in physiological buffer to eliminate the influence of activated coagulation factors, revealed that Pseudonaja venom induces aggregation of fresh platelets. 24 This study revealed that marked thrombocytopenia is regularly present within forty minutes and sometimes sooner after intravenous envenomation in dogs. This phenomenon may be caused by an agent in whole venom distinct from the prothrombin activator. Thrombocytopenia is not a constant feature of human envenomation by Pseudonaja species but its occurrence is frequent enough to warrant routine surveillance of platelet counts immediately after envenomation and beyond. Thrombocytopenia is associated with severe coagulopathy and acute renal failure. All of the dogs had severe coagulopathy and thrombocytopenia. The latter may reflect the severity of envenomation in both man and dogs rather than a species difference. The aetiology of thrombocytopenia may be further elucidated in experiments in which purified prothrombin activator is substituted for whole venom and in which prothrombin activator and whole venom are incubated with anti venom prior to injection.
Intravenous infusion of thrombin has been demonstrated to cause simultaneous hypotension and disseminated intravascular coagulation in Rhesus monkeys and rabbits.25 Lethal doses of thrombin were associated with post mortem signs of right heart failure and discovery of microthrombi within the pulmonary circulation consisting of platelets, fibrin and occasionally leukocytes. Macroscopically visible thrombi were discovered within a branch of the pulmonary artery in one animal, and in another in a coronary artery. Sublethal doses of thrombin induced immediate hypotension with subsequent recovery over 10-30 minutes. In these animals, the severity of the hypotension was correlated with the dose of thrombin and subsequent reduction in platelet counts and fibrinogen levels. Recovery was attributed to the rapid clearance of thrombi from small blood vessels by lysis.
T~e occurrence of severe hypotension, reduced cardlac output and electrocardiographic signs of myocardial ischaemia at the same time as laborhtory detection of coagulopathy, suggests that cardiovascular depression after human envenomation may be due to intravascular coagulation. Hypotension was not due to either vasodilation or haemorrhage. An alternative explanation for hypotension was that the venom contains a specific myocardial depressant. Again, further experiments with purified prothrombin activator may elucidate this question.
Coagulopathy with or without thrombocytopenia after human envenomation should be treated vigorously since fatal cerebral haemorrhage may occur without haemorrhage at other sites. 26 
